The unusual edaphic habitats of late Tertiary lacustrine deposits in Sonoran Desert basins of central Arizona have previously been shown to harbor endemic taxa and disjunct taxa from other floristic regions, which inhabited the Sonoran Desert during previous climatic regimes. The infertile limestone soils contrast sharply with the surrounding volcanic soils, excluding the dominant Sonoran Desert vegetation and thereby providing an ecological opening for the disjuncts. The disjunctions provide clues for interpreting the biogeographical history of Arizona. Here, thirteen additional examples are documented. Taxonomic changes to two of the earlier examples, Eriogonum apachense and Hymenoxys acaulis var. arizonica, are discussed. Erigonum apachense from the San Carlos Basin is revealed to be a disjunct population of the northern E. heermannii var. argense, not a separate endemic species; and, a recently named taxon, Tetraneuris verdiensis, from the Verde Valley, is shown to be a rayless form of T. acaulis var. arizonica, not a separate endemic species. The biogeography of Ericameria nauseosa var. juncea and Quercus havardii are considered in more detail. The type locality of Ericameria nauseosa var. juncea is one of the disjunct localities, not from the main range of the variety. An unusual thicketforming oak in the Verde Valley is determined to be a disjunct population of Quercus havardii from Staked Plains of New Mexico and Texas and the Four Corners of the Colorado Plateau.
Plant distributions, their geographic ranges, are effected both by current environmental conditions, their ecology, and past environmental conditions, their biogeographical history. In the cases of disjuncts and endemics, biogeographical history can be the most important factor effecting their present day distribution. These species are remnants of previous floras and environmental conditions whose continued existence provides evidence of the regional biogeographical history (Gankin and Major 1964) . However, unlike the dominant vegetation adapted to the present environmental conditions, they can only survive in specialized edaphic and climatic microhabitats. These microhabitats allow the relict species to survive in areas of ''compensation'' that are more favorable to them within an otherwise hostile environment (Cain 1944) .
Late Tertiary lacustrine deposits of limy tuffs in basins in the geological Transition Zone across central Arizona (Titley 1984) along the northern edge of the Sonoran Desert within its Larrea tridentata-Canotia holocantha Series of the Arizona Upland Subdivision (Brown 1982) provide edaphic refugia for many disjunct and endemic species of various other floristic affinities (Anderson 1996) . The infertile limestone soils of the lacustrine deposits present a sharp edaphic contrast with the predominately volcanic derived soils of the Sonoran Desert mountain ranges. The dominant species of the surrounding Sonoran Desert, Larrea tridentata (DC.) Coville and Parkinsonia microphylla Torr., which are adapted to the zonal volcanic soils are not able to grow on the azonal limestone soils affording an ecological opening for the relict disjunct species to survive. Another factor aiding an ecological opening for relicts is their occurrence at the northern edge of the Sonoran Desert that places the Transition Zone basins both in an ecotonal area where the surrounding vegetation type is not as dominant, and in an area with a comparably more equable climate that is similar to the more mesic paleoclimate in the region (Axelrod 1979; Anderson 1996) .
Thus, the microhabitat refugia contain plant communities of biogeographically unusual species combinations not found anywhere else. These refugia consist of disjunct taxa of different floristic origins from north, south and east that normally are far removed in range from each other. In a sense they represent azonal plant communities that occur as an archipelago of atypical vegetative islands within the dominant Sonoran Desert ''sea.'' The documentation of the presence of these relicts as indicators of the past climatic and topographic variability of Arizona and of past floras occupying the current Sonoran Desert provides clues to past floristic patterns and migrations and enhances the knowledge of the biogeographical history of Arizona. Anderson (1996) documented the only Sonoran Desert occurrences of thirty of these relict taxa in the Transition Zone lacustrine basins MADROÑ O, Vol. 58, No. 2, pp. 123-128, 2011 whose main ranges were from the Chihuahuan, Mohave, and Navajoan (Colorado Plateau) deserts. Following fieldwork in these basins and in two additional lacustrine deposits, the Anderson Mine and the Duncan Basin, thirteen more such examples have been delineated including the newly described Verde Valley endemic, Pediomelum verdiense S. L. Welsh & M. Licher, (Welsh and Licher 2010) . The taxonomic status of two of the examples considered by Anderson (1996) have been reassessed (Table 1 ). The lacustrine deposit at the Anderson Mine area (an old 1950's uranium mine site recently test drilled for resumed mining) above the Santa Maria River in Yavapai County at 590 m is part of the midMiocene Chapin Wash Formation (Otton 1981) . It is approximately 35 km southwest of the Burro Creek deposit at 770 m, and is the furthest west and lowest elevation lacustrine deposit in the Sonoran Desert (Fig. 1) . The Duncan Basin containing the Gila Group lacustrine deposit (Nations et al. 1982; Reid and Buffler 2004) is in the Chihuahuan Desert at 1100 m and is the farthest east in Arizona, approximately 5 km from the Arizona/New Mexico stateline.
With two exceptions, Allium bigelovii S. Watson and Houstonia rubra Cav., all of the additional taxa listed in Table 1 Anderson (1996) , more of the disjuncts listed (eighteen of thirty) had northern floristic affinities. These southward disjunctions are the result of the more recent southward movement of northern biotic communities, Great Basin Conifer Woodlands and Great Basin Desertscrub (Brown 1982 ) from the Colorado Plateau into areas of present day Sonoran Desert in Arizona during Pleistocene glacial cycles as documented by pack rat midden studies (Betancourt et al. 1990 ). The presence of these northern floristic remnants in the Sonoran Desert Provincial Element (McLaughlin 2007) presents another line of evidence, in addition to the pack rat midden studies, for interpreting the biogeographical history of Arizona.
Allium bigelovii is now determined to be a northwestward disjunct from the Chihuahuan Desert whose main range is in southwestern New Mexico and southeastern Arizona (Sivinski 2003) . The occurrences in the Arizona Sonoran Subsequent systematic research has led to the taxonomic reevaluation of two of the taxa included in Anderson (1996) . Eriogonum apachense Reveal was listed by Anderson (1996) as an endemic at the San Carlos Basin. At the time of its publication (Reveal 1969), E. apachense was described as being closely related to E. heermannii Durand & Hilg.; and, its distinction was partially based on its geographic isolation. More recent field work by M. Baker (Southwestern Botanical Research) and R. Denham (private botanist) led to the discovery of Eriogonum heermannii var. argense (M. E. Jones) Munz on the lacustrine deposits in the Verde Valley; and, the reevaluation of the taxonomic status of E. apachense as a possible disjunct population of E. heermannii var. argense. Later, based on joint field visits to the Verde Valley and San Carlos populations and close examination of their respective Eriogonum populations, J. Reveal (Cornell University) and the present author came to the conclusion that the San Carlos Eriogonum populations represent disjunct populations of E. heermannii var. argense and not a different endemic species (Reveal 2005) . The biogeographical pattern of these E. heermannii var. argense populations in the San Carlos Basin follows and further confirms that of the other disjuncts on lacustrine deposits described in Anderson (1996) and helps explain a seeming distributional anomaly.
The locality data of another seemingly out of range collection in southern Arizona of Eriogonum heermannii var argense (M. E. Jones s.n. 1903 RSA!) near Vail, Arizona, had been doubted (Kearney and Peebles [1960] state, ''The locality as stated is almost certainly erroneous.'') However, another lacustrine deposit, the Oligocene Pantano Formation, outcrops in the Vail area (Brennan 1962; Nations et al. 1982) . Its presence could provide potential edaphic habitat for a disjunct population of E. heermannii var. argense similar to the biogeographical pattern described above and shows that the label locality is not ''certainly erroneous.'' Although it has not been rediscovered during subsequent searches there, a new Eriogonum species, Eriogonum terrenatum Reveal, was discovered on the Pantano Formation by the present author (Reveal 2004 (Denham and Turner 1996) . The subpopulations described as T. verdiensis occur on four small gypsum hills only 10 km to the east of the nearest known population of T. acaulis var. arizonica (Anderson 1996; Denham and Turner 1996; Godec 2001) . A more detailed morphological comparison of these two Tetraneuris populations showed that the discoid head is the only consistent morphological difference between them (Godec 2001) . Individual discoid plants of T. acaulis are known elsewhere within its range (described as T. eradiata A. Nelson) but are considered to be conspecific (Bierner and Turner 2003) . Although the populations of T. verdiensis are entirely discoid, this is a minor morphological difference. Tetraneuris verdiensis and T. acaulis var. arizonica share similar edaphic habitats (Nations et al. 1981) , associated species such as the other disjuncts, Eriogonum ericifolium var. ericifolium and Salvia dorrii (Kellogg) Abrams ssp. mearnsii (Britton) E. M. McClintock, and close proximity to one another (Godec 2001) . Based on these factors, it seems more accurate to consider T. verdiensis as a discoid form of T. acaulis var. arizonica, not as a distinct species (Bierner and Turner 2006) .
The type locality of Ericameria nauseosa (Pall. (Fig. 2) . The author collected E. nauseosa var juncea (Fig. 3) 8258, 8261 , and 8263a ASU) in 1994 and determined it to be Quercus havardii Rydb (Fig. 4) . Typical Q. havardii is a species from the Staked Plains of the Texas panhandle and adjacent New Mexico that occurs in areas of shifting sands in which its thickets form small sand dunes. Other populations attributed to Q. havardii also occur in the Four Corners region of southeastern Utah and northeastern Arizona (Tucker 1970; Nixon 1997) . Tucker (1970) has interpreted them as ancestral Q. havardii populations introgressed by Q. gambelii Nutt., not pure Q. havardii although he states that the populations are ''moderately homogeneous'' and not a hybrid swarm. The sandy habitat of Q. havardii in the Four Corners is similar to that of the Stake Plains. The anomalous occurrence of the typically sandy habitat dwelling Q. havardii on lacustrine limestone in the Verde Valley is an example of substrate switching whereby a disjunct population occurs on a different, even opposite, edaphic habitat from that of its normal range that provides an azonal edaphic refugia (Anderson 1996) .
Based on his research that ''the species is more or less stable and tends to be habitat specific, '' Welsh (2003) has recognized the Four Corners populations as a separate species, Quercus welshii R. A. Denham ex Welsh. The Verde Valley population appears morphologically similar to the Four Corners populations and could thus be treated as a disjunct population of Q. welshii.
As a more southwestern population location, the discovery of Quercus havardii in the Verde Valley gives credence to Tucker's postulation that the present day disjunct distribution pattern of Q. havardii between Texas/New Mexico and Utah/ Arizona is due to its migration northward along both sides of the Rocky Mountains in New Mexico with the glacial retreat from a previously more continuous ancestral distribution to the south and west of its present distribution (Tucker 1970) . The documentation of Q. havardii in the Verde Valley is another important instance of the use of species distributions to elucidate past biogeographical patterns.
The biogeogaphical documentation of the many disjuncts in the Verde Valley (Table 1) demonstrates its importance for botanical conservation. Based on the large number of special status plant species occurrences and its rapid population growth, the Verde Valley has a high priority need for botanical conservation. A portion of the Verde Valley lacustrine deposits around the occurrences of the federally endangered Purshia subintegra ( 
